Site-directed mutagenesis of cytochrome P450s CYP2A1 and CYP2A2: influence of the distal helix on the kinetics of testosterone hydroxylation.
Cytochrome P450s CYP2A1 and CYP2A2 exhibit 88% sequence similarity, yet CYP2A1 metabolizes testosterone almost exclusively (90%) at the 7 alpha-position, whereas CYP2A2 forms several metabolites, with 15 alpha-hydroxytestosterone as a major metabolite. One of the regions with relatively low sequence homology corresponds by sequence alignment to the I and J helices of P450cam. Since this region is known to be part of the active site for P450cam, 26 single point and two double point mutants were prepared where the amino acid for one form was substituted with that of the other. Mutant and wild-type enzymes were expressed in Hep G2 cells using the vaccinia virus vector. Analysis of testosterone regioselectivity revealed that 25 of the mutants show the same regioselectivity as the parent wild-type enzymes and three are inactive, suggesting that no single amino acid in this region is totally responsible for the different selectivities of CYP2A1 and CYP2A2. Kinetic analysis of the CYP2A1 mutants showed that four of the mutants with changes near the conserved oxygen-binding region had Km values with much higher and Vmax values much lower than those of the wild-type enzyme and one mutant had a Vmax value twice as high as that of the wild-type enzyme. Deuterium isotope effects on 7 alpha-hydroxxylation were used to determine changes in the rate of reduction and estimate the relative amount of excess water formation. Changes in reduction rates and the amount of water produced are not sufficient to account for the differences in Vmax values, suggesting that the amount of hydrogen peroxide released is a primary determinant for changes in Vmax.